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TESTS  ON  THE  GRAVITY  CELL 

Introduction  and  Object ; 

Although  the  gravity  cell  is  one  of  the  oldest  forms 
of  primary  cell  is  use,  there  is  but  little  data  available 
In  regard  to  its  economy  and  operating  characteristics.  For 
this  reason  and  since  the  cell  is  in  such  extensive  use, 
especially  in  signal  work,  this  test  was  undertaken  with 
the  purpose  of  determining  the  material  cost  per  ampere- 
hour  and  per  watt-hour  of  the  energy  received  from  the 
gravity  cell  together  with  the  general  operating  charac- 
teristics of  the  cell. 

The  Gravity  Cell; 

The  positive  electrode  of  the  gravity  cell  consists 
of  several  stripd  of  sheet  copper  riveted  together  and 
surrounded  by  copper  sulphate  crystals.   The  negative 
electrode  is  a  zinc  casting  suspended  from  the  top  of  the 
glass  jar  which  contains  the  whole  .   In  setting  up,  the 
copper  electrode  is  first  placed  in  the  jar  and  surrounded 
by  the  copper  sulphate  crystals.   Tlia  jar  is  then  filled 
to  a  joint  just  belor  the  zinc  with  water  and  then  dilute 
zinc  sulphate  is  added  until  the  level  of  the  electrolyte 
is  half  an  inch  or  more  above  the  zinc.   The  water  disolves 
some  of  the  copper  sulphate,  forming  a  saturated  solution 
of  copper  sulphate  in  the  lower  part  of  the  jar.   Since 
the  specific  gravity  of  the  copper  sulphate  solution  is 
greater  than  that  of  the  zino    sulphate  solution,  the  two 
are  kept  apart,  the  point  of  division  being  indicated  by  a 
distinct  blue  line.   It  is  from  this  fact  that  the  cell 


(2) 
derives  its  name.   The  zinc  displaces  the  copper  from  the 
copper  sulphate,  depositing  metallic  copper  upon  the 
copper  electrode.  As  there  is  no  hydrogen  liberated  in 
this  reaction,  there  is  practically  no  polArization  and 
hence  this  cell  is  especially  well  adapted  for  closed 
circuit  work.   If  the  cell  is  left  standing  on  open  circuit, 
the  copper  sulphate  diffuses  upward  and  wasteful  local 
action  takes  place.  Further,  if  the  copper  sulphate  solution 
comes  into  contact  with  the  zinc,  the  cell  becomes  foul 
very  rapidly. 

The  reason  that  an  electric  ciarrent  will  be  produced 
by  such  a  cell  as  described  above  is  shown  by  the  following, 
taken  from  Carhart's  book  on  "Primary  Batteries":   "In  the 
gravity  cell  the  heat  of  formation  of  equivalent  weights  of 
zinc  sulphate  and  copper  sulphate  are  242,000  and  191,400 
calories  respectively.   Hence  for  every  65  grms.  of  zinc 
entering  into  combination  as  zinc  sulphate  with  the  reduction 
of  63.4  grms.  of  copper  from  copper  sulphate,  the  difference 
between  242,000  and  191,400,  or  50,600,  calories  of  heat, 
or  the  equivalent  in  the  kinetic  energy  of  an  electric 
current,  must  be  developed,"   This  relation  will  be  used 
later  in  this  report  to  figure  the  actual  electro-chemical 
efficiency  obtained  from  the  cells  tested. 
Apparatus; 

The  apparatus  used  in  this  test  included  the  following: 

10  Variable  Resistances   (0-4  ohms) 
1  Leads  .^  Northrup  Standard  Potentiometer 
1  Weston  D.  C.  Voltmeter  (0-2.5) 

15  Ammeter  Shunts 

20  Gravity  Cells  complete 
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Hydrometer 
Thermonieter 

Necescary  wiring,  binding  posts,  etc. 

The  variable  resistances  were  made  of  approximately  five 
feet  of  No.  26,  50%   German  Silver  wire  having  a  resistance 
of  1,14  ohiP-S  per  foot  or  a  total  resistance  of  5,7  ohros.   It 
was  60  constructed  that,  by  moving  a  slider,  all  the  resistance 
could  be  cut  in  or  out. 

The  anmeter  shunts  were  made  of  No.  16  Manganin  wire; 
wore  six  inches  long  and  had  a  resistance  of  approximately 
.04  ohms  (  a  table  of  the  exact  resistances  of  the  shunts 
used  for  each  cell  is  included  in  this  report). 

The  wiring  leading  to  the  potentiometer  and  voltmeter 
was  No.  20  rubber  covered  solid  copper  wire.   The  wire 
carrying  the  battery  current  was  No.  12  (.001585  oiais   per 
foot)  bare  copper  wire.   The  length  of  copper  wire  Ir.  tho 
battery  circuit,  including  the  wire  running  through  the 
electrolyte  to  the  copper, was  approximately  two  feet. 
Method  of  Procedure: 

The  twenty  gravity  cells  were  charged,  observing  the 
following  instructions: 

(1)  Place  copper  in  jar. 

(2)  Weigh  out  four  pounds  copper  sulphate  and  place 
same  in  jar  aroiind  and  on  top  of  copper, 

(3)  Bend  zinc  suspending  wires  at  right  angles  from 
posts  and  suspend  from  top  of  jars, 

(4)  Pour  lake  water  into  jar  until  it  comes  up  about 
a  quarter  of  an  inch  on  the  zinc. 

(5)  Pour  in  starting  solution  until  the  level  of  the 
electrolyte  is  one-half  inch  from  the  top  of  jar. 
This  atarting  solution  was  some  of  the  zinc  sulphate 
solution  taken  from  old  cells.   Three-quarters  of 

a  pint  was  used  in  charging  each  cell. 

The  cells  were  then  connected  up  as  shown  by  the 
diagram  of  connections  on  the  following  page.   Prom  this 

diagram,  it  will  be  observed  that  the  cells  are  divided 
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into  three  groups:  Cells  Nos.  1  to  5,  Group  I;  Cells  Nos. 
5  to  10,  Group  II;  Cells  Nos.  11  to  15,  Group  III.   The  current 
taken  from  each  cell  of  Group  I  was  250  iDilll-araperes.   In 
Group  II  ,  325  milli-amperes  was  taker  from  two  cells  in 
parallel.   The  cells  of  group  III  were  short-circuited,  the 
total  resistance  in  circuit  being  only  that  of  the  leads  and 
the  ammeter  shunt,-  not  more  than  a  total  of  ,05  ohms,  which 
is  quite  negligible  as  compared  to  the  internal  resistance 
of  the  cells. 

At  the  beginning  of  the  test,  the  current  for  the  cells 
of  Groups  I  and  II  was  adjusted  to  its  standard  value  and  the 
reading  of  potential  taken.   In  taking  the  next  observation, 
a  reading  was  first  taken  of  the  actual  current  flowing  and 
the  voltage.   The  current  was  then  adjusted  to  its  standard 
value  and  the  voltage  again  noted.   In  calculating  the 
results,  it  was  considered  that  the  change  in  both  potential 
and  current  was  anlform  during  the  time  elapsing  between 
readings,  and  the  ampere-hour  and  watt-hour  output  of  the 
cells  was  taken  as  the  summation  of  the  average  current  and 
the  average  power  respectively  into  the  corresponding 
increment  of  time. 

At  the  intervals  shown  on  the  data  sheet,  the  internal 
resistance  of  the  cells  was  determined  by  first  noting  the 
voltage  with  a  known  current  flowing  and  then  the  instantaneous 
open  circuit  voltage.   The  difference  between  these  two 
readings  divided  by  the  current  flowing  before  the  circuit 
was  opened  was  taken  as  the  internal  resistance.   In  taking 
these  readings,  it  was  necessary  to  use  a  voltmeter  since  the 
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reading  had  to  be  taken  immediately  upon  opening  the  circuit 
and  so  did  not  allow  time  to  make  a  potentiometer  setting. 

It  will  be  noted  from  the  log  sheets  that  at  first 
readings  were  taken  after  comparatively  short  intervals  and 
that, later  on  in  the  test,  the  interval  was  greatly  increased. 
This  was  due  to  the  fact  that,  after  the  cells  had  beer  in 
service  for  several  days,  we  found  that  the  change  in  the 
value  of  the  current  was  so  slight  that  frequent  readings 
were  unecessary. 

It  was  the  original  intention  to  take  daily  readings  of 
specific  gravity,  but  this  was  net  done  due  to  the  fact  that, 
since  there  was  so  little  copper  sulphate  in  solution,  it 
would  have  been  necessary  to  draw  off  a]l  of  this  solution 
in  order  to  rietcrmine  its  specific  gravity. 

The  weights  of  zinc,  copper,  and  copper  sulphate 
were  noted  before  and  after  the  test  and  the  results  shown 
on  the  accompanying  log  sheets. 
Discussion; 

The  specific  gravity  of  the  starting  solution  was  1.30, 
Therefore,  when  poured  into  the  cell  that  had  just  been 
filled  with  water,  it  immediately  sank  to  the  bottom,  thereby 
at  once  coming  into  contact  with  the  vitriol  crystals.   In 
order  to  avoid  this  latter,  the  zinc  sulphate  used  for 
starting  might  have  been  greatly  diluted  and  some  copper 
sulphate  solution  poured  over  the  vitriol  before  adding  the 
water  or,  better,  the  water  might  have  been  added  the  day 
before  the  starting  solution  was  put  In.   This  latter  was 
done  In  the  case  of  Cells  Nos.  1,  2,  and  3.   These  cells 
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gave  a  much  lower  voltage  at  the  start  than  the  others.   There 
was  also  a  greater  initial  drop  in  voltage  with  these  cells 
than  with  the  others.   Finally,  however,  they  gave  about  the 
same  readings  as  the  others  of  Group  I.   It  was  noted  that  the 
"scum;f  did  not  commence  to  collect  on  the  surface  of  the 
electrolyte  of  Cells  Nos.  1,  2,  and  3  till  several  days 
after  the  other  cells  were  covered  with  it.  It  is  our  conclu- 
sion ,  contrary  to  the  opinion  ordiaarily  held,  that  it  is 
better  to  charge  the  cells  with  the  heavy  zinc  sulphate  solution 
and  without  using  ang  copper  sulphate  solution. 

Soon  after  being  put  into  service,  a  distinct  blue  line 
appeared  on  all  cells,  except  Group  III.  It  disapeared  from 
Group  I  after  115  hours  of  service  and  from  Group  II  after 
285  hours  of  service.   It  is  a  general  opinion  that,  if  there 
is  no  blue-line,  the  cells  do  not  operate  properly.   However, 
we  did  not  find  this  to  be  the  case.  As  mentioned  above, 
the  cells  "stood  up  under"   the  excessive  current  for  this 
type  of  cell,  with  practically  no  adjustment  of  the 
variable  resistance  . 

Further,  it  does  not  appear  from  our  results  that  there 
is  any  need  for  very  frequent  cleaning  of  the  cells.   Take  , 
for  instance.  Cell  Ko.4.    The  maximum  external  voltage  with 
a  current  of  260  milli-amperes  was  ,840  volts.   The  voltage  at 
the  end  of  the  test  after  810  hours  (nearly  34  days)  of 
service  was  .709  volts,  a  drop  of  ,131  volts,  or  15.6;^.   From 
this  it  would  appear  that  the  cells  do  not  have  to  be  cleaned 
oftener  than  once  a  month  at  the  very  most. 

The  most  interesting  results  of  the  test  we  consider  to 
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be  the  ciirves  showing  the  effect  of  the  height  of  the  electrolyte. 
Two  cellB  were  selectee!  and  the  current  on  each  adjusted  to 
250  mllli-ansperes.   The  open  circuit  and  closed  circuit  voltages 
were  then  noted  with  the  electrolyte  about  one-fourth  inch  above 
the  zinc.   Then,  by  means  of  a  syringe,  the  level  was  lowered 
three-sixteenths  of  an  inch  ;  the  curr«nt  adjusted  to  250 
mi Ill-amperes,  and  the  voltages  again  noted.   This  was  continued 
until  the  level  of  the  electrolyte  fell  below  the  zinc.   From  the 
data  thus  taken,  the  internal  resistance  was  calculated  for  each 
position  of  the  electrolyte  and  curves  plotted  for  each  cell 
tested  in  this  way,  showing  level  of  electrolyte  and  position  of 
zinc  as  abscissae  and  with  internal  and  eyterral  voltage  as 
ordinates.   The  curves  show  that  the  change  in  Internal  resistance 
is  practically  nothing  till  the  electrolyte  falls  to  the  middle 
of  the  zinc.   Since  this  is  the  case,  it  is  seen  that  the  extent 
of  surface  of  the  zinc,  within  wide  limits,  is  not  a  matter  of 
any  importance.  According  to  this,  th3  principal  part  of  the 
internal  resistance  must  be  in  the  electrolyte  and  not  at  the 
surface  of  the  electrodes. 

It  was  noted  that  any  shock  had  a  considerable  effect  upon 
the  operation  of  the  cells.   It  vras  impossible  to  take  readings 
while  trains  were  passing  and  it  is  entirely  probable  that  many 
of  the  irregularities  in  the  position  of  the  points  plotted  on 
the  discharge  curve  sheets  may  be  due  to  the  fact  that  the  cells 
had  received  a  shock  just  previous  to  the  reading. 

Considerable  creeping  of  zinc  sulphate  over  the  edges  of  the 
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jars  was  noted  toward  the  end  of  the  test. 

Approximately  fifty-six  cubic  inches  of  water  was  added  to 
each  cell  to  supply  the  loss  by  evaporization  dtiring  the  810 
hours  of  the  test.   This  was  added  on  three  occasions,  so  that, 
unless  some  means  is  taken  to  prevent  evaporization,  we  would 
conclude  that  water  should  be  added  every  ten  days. 

During  the  greater  part  of  the  test,  the  temperature  of  the 
room  in  which  the  test  was  conducted  was  about  about  65°  F.   The 
maximum  temperature  observed  was  78°, and  the  minimun   57°  . 

The  electrolyte  taken  from  the  cells  after  the  completion 
of  the  test  was  found  to  have  a  specific  gravity  as  follows; 
Group  I,  l.SOj  Group  II,  1.25;   Group  III,  1.38. 

The  costs  shown  on  the  accompanying  data  sheets  include 
material  only.   The  labor  item  ,  however,  will  increase  the 
cost  considerably.   If  the  cell  is  cleaned  every  two  weeks  and 
one  man  can  clean  twnety  cells  a  day  at  i|3.C0  a  day,  the  cost  of 
cleaning  under  the  conditions  of  Group  II  would  be  |),0030  per 
ampere-hour,  while  our  test  shows  that  the  material  would  cost 
onlj  $.0010.   per  ampere-hotir .   However,  as  above  mentioned, 
such  frequent  cleaning  appears  from  our  results  to  be  unnecessary. 

The  costs  of  material  are  figured  on  the  basis  of  the 

following: 

Copper  sulphate |4.92  per  lOOlbs. 

Zincs  ($our  pounds  )  . 37 £-  each 

Coppers 05|-   " 

Scrap  Material . 

Copper 11  per  Lb. 

Zinc 048   " 

We  considered  that  one-fourth  of  the  original  zinc  will  be  sold  as 

scrap.   The  net  total  cost  of  the  three  pounds  actually  used  up 

would  ,  therefore,  be  approximately  35  cents  or  11  cents  per  pound, 
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The  original  weight  of  the  coppers  was  about  .2  lb,,  making  the 

cost  of  copper  bought  for  the  cells  about  27.5  cents  per  It, 

Since  the  copper  is  sold  at  11  cents  per  lb. ,  we  have  determined 

that  9^  cents  per  lb.  is  an  equitable  credit  for  the  copper 

deposited  and  have  figured  the  costs  on  that  basis. 

The  specifications  for  the  zinc  used  in  this  test  is  as 

follows: 

Mercury,  Kot  less  than 2,00  % 

Iron,      "   more    "  10 

Lead,      "    "     "  50 

Other  impurities   "  40 

Zinc  is  to  be  not  less  than  97.00  %. 

Complete  specifications  and  drawings  of  the  zinc  used  may  be 

found  on  page  370  of  the  issue  for  Dec.  1911  of  the  Proceedings 

of  the  Railway  Signal  Association, 

The  weight  of  copper  in  one  pound  of  copper  sulphate  is 
,254  lbs.   The  results  obtained  in  our  test  were  as  follows: 
Group  I  ,  .201;  Group  II,  171;  Group  III,  .235.   The  variation 
is  evidently  due  to  the  difficulty  experienced  in  cleaning  the 
cells  and  in  separating  the  vitriol  from  the  metallic  copper. 

The  weight  of  zinc  consumed  theoretically  per  pound  of 
copper  sulphate  is  ,270  lb.,  assuming  the  eiinc  27%   pure.   The 
results  776  obtained  were  as  follows:   Group  I,  .259;   Group  II, 
,231;   Group  III,  .269. 

Prom  the  relations  given  above  under  the  heading  "Gravity 
Cell",  it  is  readily  shown  that,  since  4.2  joules  equal  1 
calorie,  if  .0003387  gm  of  Zn  displaces  .0003293  gro  Cu,  1.09 
joules  are  produced.   This  amount  of  Zn  ir  consumed  in  the 
passage  of  1  coulomb.   Therefore,  since  the  voltage  of  the 


cell  is  approximately  1.C9,  we  can  conclude  that  its  theoretical 
electro-chemical  efficiency  is  100  %.      Figured  on  the  basis 
consumed  and  the  watt-hour  output,  the  electro-chemical 
efficiency  obtained  from  the  results  of  our  test  was  as 
follows;   Group  I,  49.2  %',      Group  II,  52.8^.    Of  course,  w*4fe 
the  greater  the  external  resistance,  other  things  being  equal, 
the  greater  wi^fe  will  be  the  eleotro-chemical  efficiency. 
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TESTS  OH  THE  GRAVITY  CELL 


Resistance  of  shunts 


Voltmeter  calibration 
#8424 
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Voltmeter   Potentiometer 


.106 

-.^^ 

.108 

,200 

__- 

.199 

.308 

>-- 

.306 

.405 

„ 

.401 

,505 

_-- 

.499 

.600 

...» 

.593 

.691 

>i>>. 

.685 

.795 

—  — _ 

.785 

.900 

—  — >. 

.887 

1.015 

«.~.». 

1.038 

1.100 

*  .  i« 

1.084 

1.190 

^— _ 

1.175 

1.300 

»  .. 

1.278 

1.385 

—  •■— 

1.367 

1.505 

m,^^ 

1.485 

ReBistances  measured  with  Thompson's  doutle  bridge  #2502 
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TESTS  ON  THE  GRAVITY  CELL. 


On  the  following  fifteen  data  sheets,  the  symbols  given 

below  are  used: 

No.  Number  of  observation. 

HI  Total  hours  in  service. 

H2  Interval  between  observations  in  hours. 

El  Voltage  before  adjustment  of  current. in  railli-volts. 

11  Current    "        "      "     "    in  nl"- "  a -amperes, 
E2  Voltage  after       "      "     "    in  milli-volts 

12  Current    "         "      "     "    in  milli-amperes, 
E3  Average  of  voltages  before  and  after  adjustment. 

13  "     "  currents   "     "    "       " 
W  Average  power  for  interval  in  watts. 

WH  Total  watt-hours  for  period  in  service. 
AH       "   ampere-hours   "      "     " 

V  Open  circuit  voltmeter  reading. 

R  Internal  resistance  in  ohms. 
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TESTS  ON  THE  GRAVITY  CELL. 


LOG  OF   CELL  NO.l. 


No. 

HI 

H2 

El 

11 

E2 

12 

E3 

13 

W 

WH 

AH 

V 

R 

1 

0 

237 

250 

.78 

2.16 

2 

lit 

1 

2 

442 

455 

687 

N 

339 

352 

.119 

.1 

.2 

3 

11 

742 

270 

778 

II 

714 

260 

.186 

2.1 

3.0 

4 

18 

6j 

790 

244 

804 

II 

784 

248 

.195 

3.3 

4.8 

5 

25 

7 

808 

248 

807 

It 

806 

249 

.201 

4.7 

6.4 

1.07 

1.01 

6 

32i 

*7? 

805 

246 

806 

II 

806 

248 

.199 

6.2 

8.2 

7 

45 

12} 

806 

255 

807 

II 

806 

253 

.204 

8.9 

11.4 

1.05 

.94 

8 

71| 

9Cf 
97| 

26i- 

818 

253 

828 

II 

812 

251 

.204 

14.1 

18.0 

9 

19 

833 

255 

838 

II 

830 

253 

.210 

18.1 

22.8 

10 

7 

821 

244 

821 

II 

829 

247 

.205 

19.5 

24.6 

1.05 

.94 

11 

115 

17| 

816 

246 

816 

II 

818 

248 

.203 

23.8 

28.9 

1.03 

.90 

12 

144 

29 

817 

251 

817 

II 

817 

250 

.204 

29,0 

36.2 

1.04 

.84 

13 

165 

21 

808 

248 

808 

II 

812 

249 

.202 

33.2 

41.4 

1.02 

.81 

14 

190 

25 

824 

255 

827 

II 

816 

253 

.207 

38.4 

47.7 

1.03 

.78 

15 

214 

24 

832 

255 

833 

II 

829 

253 

.210 

43.4 

53.8 

16 

261 

47 

775 

233 

760 

II 

804 

241 

.194 

52.5 

65.1 

1.02 

1.03 

17 

285 

24 

783 

259 

789 

II 

772 

255 

.197 

57.3 

71.2 

18 

309 

24 

786 

253 

786 

II 

788 

251 

.198 

62.0 

7712 

1.01 

.83 

19 

357 

48 

796 

255 

795 

11 

791 

253 

.200 

71.6 

89.4 

1.02 

.82 

20 

429 

72 

755 

246 

790 

II 

776 

248 

.192 

85.5 

107.3 

.99 

.85 

21 

453 

24 

804 

257 

811 

II 

797 

253 

.202 

90.3 

113.4 

22 

477 

24 

800 

246 

802 

II 

806 

248 

.200 

95.1 

119.3 

1.01 

.87 

23 

501 

24 

785 

243 

778 

II 

794 

247 

.196 

99.8 

125.2 

1.01 

.83 

24 

573 

72 

731 

235 

712 

II 

754 

243 

.133 

113.0 

142.7 

1.00 

1.20 

25 

597 

24 

680 

243 

701 

II 

743 

248 

.185 

117.4 

148.7 

.98 

1.11 

26 

621 

24 

724 

257 

730 

It 

713 

254 

.181 

121.8 

154.8 

.99 

.97 

27 

669 

48 

606 

221 

664 

II 

668 

235 

.157 

129.3 

136.1 

.90 

1.09 

28 

765 

96 

684 

259 

688 

II 

674 

255 

.172 

145.8 

190.6 

.96 

1.09 

29 

810 

45 

681 

24G 

682 

II 

684 

248 

.170 

153.4 

201.8 

.95 

1.10 

TESTS  ON  THE  GRAVITY  CELL. 


LOG  OF  CELL  NO.  2. 


No.  HI 


n2  El   II  S2   12  E3   13 


WH 


AK 


1 

0 

222  250 

.76 

2.16 

2 

111 

1 

313 

354 

484 

•   266 

302 

.080 

.0 

.2 

3 

11 

604 

317 

692 

'   544 

283 

.154 

1.7 

3.3 

4 

18 

6* 

790 

244 

804 

'   741 

247 

.183 

2.9 

4.9 

5 

25 

7 

726 

254 

730 

'   765 

252 

.193 

4.3 

6.7 

1.03 

1.18 

6 

32| 

26| 

736 

256 

716 

'   733 

253 

.185 

5.7 

8.6 

7 

45 

750 

254 

755 

'   733 

252 

.185 

8.0 

11.7 

1.01 

.98 

8 

90| 
97| 

752 

252 

751 

'   754 

251 

.189 

13.0 

18.3 

9 

19 

694 

235 

702 

'   722 

243 

.175 

16.3 

22.9 

10 

7 

754 

275 

781 

'   728 

263 

.192 

17.6 

24.7 

1.04 

1.02 

11 

115 

17| 

791 

252 

793 

•   766 

251 

.192 

21.0 

21.9 

1.04 

.95 

12 

144 

29 

806 

256 

807 

'   800 

253 

.202 

26.9 

36.4 

1.05 

.90 

13 

165 

21 

801 

249 

802 

'   804 

250 

.201 

31.1 

41.6 

1.04 

.92 

14 

190 

25 

811 

244 

815 

•   807 

252 

.203 

36.2 

47.9 

1.04 

.87 

15 

214 

24 

812 

252 

813 

'   814 

251 

.204 

41.1 

53.9 

16 

261 

47 

760 

233 

733 

'   787 

241 

.190 

50.0 

65.2 

1.02 

1.12 

17 

285 

24 

758 

259 

775 

'   746 

255 

.190 

54.6 

71.3 

18 

309 

24 

770 

251 

770 

'   773 

250 

.193 

59.2 

77.3 

1.02 

.95 

19 

357 

48 

782 

254 

782 

'   726 

252 

.183 

68.0 

89.4 

1,02 

.88 

20 

429 

72 

786 

251 

765 

'   784 

250 

.196 

82.1 

107.4 

1.01 

.92 

21 

453 

24 

793 

261 

804 

'   779 

255 

.198 

86.8 

113.4 

22 

477 

24 

795 

247 

789 

'   800 

249 

.199 

91.6 

119.5 

1.02 

.85 

23 

501 

24 

776 

247 

772 

'   783 

249 

.195 

96.3 

125.5 

1.02 

.97 

24 

573 

72 

728 

237 

709 

'   750 

244 

.183 

109.5 

143.1 

1.00 

1.18 

25 

597 

24 

695 

249 

705 

'   700 

250 

.175 

113.7 

149.1 

.99 

1.16 

26 

621 

24 

724 

259 

731 

'   728 

255 

.185 

118.1 

155.2 

1.00 

1004 

27 

669 

48 

696 

240 

691 

'   714 

245 

.175 

126.5 

166.9 

.99 

1,05 

28 

765 

96 

697 

255 

705 

'   694 

253 

.176 

143.4 

191.2 

.98 

1.09 

29 

810 

45 

675 

245 

686 

•   690 

248 

.172 

151.1 

202.3 

.96 

1,10 

TESTS  ON  THE  GRAVITY  CELL. 


LOG  OP  CELL  NO.  3. 


No.  HI 


H2   El   II  E2   12   E3   13 


W 


7;h 


AH   V 


1 

0 

315  250 

.80 

1.95 

2 

lit 

1 

2 

395 

309 

502  250  355 

280 

.099 

.0 

.1 

3 

11 

660 

330 

753   ' 

'   581 

290 

.168 

1.9 

3.3 

4 

18 

6| 

767 

256 

770   ' 

•   760 

253 

.192 

3.1 

4.9 

5 

25 

7 

780 

253 

786   ' 

'   775 

252 

.195 

4.5 

6.7 

1.03 

.95 

6 

32§ 

•^t 

788 

249 

790   ' 

'   787 

250 

.197 

6.0 

8.6 

7 

46 

12} 

794 

251 

793   ' 

'   792 

250 

,198 

8.4 

11.7 

1.05 

.99 

8 

71| 

90f 
97i 

26i 

780 

247 

779   ' 

'   787 

249 

.196 

13.6 

18.3 

9 

19 

795 

256 

798   ' 

•   787 

253 

.199 

17.4 

23.1 

10 

7 

790 

244 

787 

'   794 

247 

.196 

18.8 

24.8 

1.00 

.82 

11 

115 

17| 

779 

249 

780   ' 

'   783 

250 

.196 

22.2 

29.2 

.98 

.76 

12 

144 

29 

755 

242 

755 

'   767 

246 

.189 

27.7 

36.3 

.95 

.70 

13 

165 

21 

806 

267 

815 

'   780 

259 

.202 

31.9 

41.7 

1.00 

.67 

14 

190 

25 

832 

256 

840   ' 

•   823 

253 

.208 

37.1 

48.0 

1.01 

.66 

15 

214 

24 

840 

249 

840   ' 

'   840 

250 

.210 

42.3 

54.0 

16 

261 

47 

797 

237 

783   ' 

'   818 

244 

.199 

51.7 

65.5 

1,30 

.80 

17 

285 

24 

803 

256 

806   ' 

'   793 

253 

.200 

56.5 

71.6 

18 

309 

24 

804 

251 

803 

'   805 

250 

.201 

61.3 

77.6 

1.00 

.71 

19 

357 

48 

807 

256 

809 

'   805 

253 

.203 

71.0 

89.7 

1.02 

.78 

20 

429 

72 

786 

244 

736 

'   797 

247 

.197 

85.2 

107.5 

.95 

.70 

21 

453 

24 

793 

277 

816   ' 

•   715 

263 

.188 

89.7 

113.8 

22 

477 

24 

811 

249 

805 

'   814 

250 

.203 

94.6 

119.8 

1.01 

.80 

23 

501 

24 

764 

239 

759 

'   785 

245 

.192 

99.2 

125,7 

.96 

.80 

24 

573 

72 

736 

244 

729 

'   748 

247 

.185 

112.5 

143.5 

.98 

.98 

25 

597 

24 

724 

249 

728 

'   727 

250 

.182 

116.9 

149.5 

.93 

.88 

25 

621 

24 

710 

270 

732 

'   719 

260 

.187 

121.4 

155.7 

.95 

.85 

27 

669 

48 

677 

235 

681 

'   705 

243 

.171 

129.6 

107.3 

.91 

.94 

28 

765 

96 

702 

258 

716 

'   691 

254 

.175 

146.4 

190.7 

.96 

.97 

29 

81C 

45 

663 

233 

643 

'   689 

242 

.107 

153.9 

201.0 

.88 

.86 

T3STS  Oil  THE   C21AVITY   CELL. 


LOG  OF    CELL  NO.    4. 


/^ 


No.    HI        H2     SI      II     E2      12      E3      13 


WH 


AH 


1 

0 

460  250 

1.07 

2.40 

2 

1 

1 

2 

478 

262 

532  250 

469 

256 

.120 

.1 

.1 

3 

111 

11 

628 

311 

736   " 

580 

280 

.162 

1.8 

3.1 

4 

18 

64 

749 

248 

746   " 

743 

249 

.185 

3.0 

4.7 

5 

25 

7 

764 

257 

771   " 

755 

253 

.191 

4.4 

6.5 

1.10 

1.28 

6 

32| 

12f 

778 

253 

784   " 

775 

251 

.195 

5.8 

8.4 

7 

45 

795 

255 

802   " 

790 

253 

.200 

8.3 

11.6 

1.09 

1.14 

8 

7lJ 

26| 

828 

259 

838   " 

818 

255 

.208 

13.9 

18.4 

9 

90-1 

19 

840 

248 

840   " 

839 

249 

.209 

17.8 

23.1 

10 

97| 

7 

820 

244 

814   " 

S30 

247 

.205 

19.3 

24,8 

1.06 

.94 

11 

115 

17i 

820 

253 

825   " 

817 

251 

.205 

22.9 

29.2 

1.05 

.87 

12 

144 

29 

825 

250 

825   " 

825 

250 

.206 

28.8 

36.5 

1.04 

.80 

13 

165 

21 

322 

248 

817   " 

823 

249 

.205 

33.1 

41.7 

1.04 

.89 

14 

190 

829 

255 

831   " 

823 

253 

.203 

38.3 

48.0 

1.02 

.71 

15 

214 

24 

828 

253 

829   " 

830 

251 

.201 

43.3 

54.0 

16 

261 

47 

782 

237 

rT<.0     II 

805 

244 

.196 

52.6 

65.5 

1.02 

.93 

17 

2S5 

24 

782 

257 

794   " 

772 

253 

.195 

57.2 

71.6 

18 

309 

24 

795 

253 

800   " 

794 

251 

.200 

62.0 

ryn     f> 
/  4  .  U 

1.01 

.79 

19 

357 

48 

806 

255 

807   " 

803 

253 

.203 

71.8 

89. 8 

1.02 

.78 

20 

429 

72 

815 

250 

802   " 

811 

250 

.203 

86.4 

107.8 

.99 

.72 

21 

453 

24 

815 

235 

820   " 

809 

242 

.196 

91.1 

113.6 

22 

477 

24 

810 

248 

808   " 

815 

249 

.203 

96.0 

119.6 

1.01 

.77 

23 

501 

24 

800 

246 

798   " 

804 

248 

.200 

100.7 

125.5 

l.OC 

.81 

24 

573 

72 

758 

235 

730   " 

778 

242 

.189 

114.3 

143.0 

.98 

.95 

25 

597 

24 

711 

24G 

724   " 

721 

248 

.179 

113.6 

149.0 

.96 

.90 

26 

621 

24 

747 

257 

753   " 

736 

253 

.186 

123.1 

155.1 

.97 

.82 

27 

669 

48 

695 

239 

708   " 

724 

245 

.177 

131.6 

166.9 

.95 

.96 

28 

765 

96 

724 

257 

730   " 

716 

253 

.181 

149.0 

191.2 

.95 

.86 

29 

810 

45 

709 

248 

701   " 

720 

249 

.179 

157.1 

202.4 

.94 

.97 

TESTS   ON  THE   GRAVITY   CELL. 


LOG    OF   CELL   NO.    5. 


No.    HI 


II     S2 


S3      13 


WH 


AH 


1 

0 

444  250 

1.06 

2.52 

2 

lit 

1 

466 

261 

498 

'   454 

255 

.118 

.1 

.1 

3 

11 

634 

320 

736 

•   566 

285 

.161 

1.8 

3,2 

4 

18 

6| 

760 

261 

777   ' 

'   748 

255 

.191 

3.1 

4.9 

5 

25 

7 

793 

254 

794 

'   785 

252 

.198 

4.5 

6.7 

1.10 

1.18 

6 

32| 

12t 
26j 

799 

257 

806 

'   797 

253 

.201 

6.0 

8.G 

7 

45 

818 

254 

821   ' 

'   812 

252 

.204 

8.5 

11.8 

1.09 

1.02 

8 

71f 

90| 
97i 

842 

259 

849   ' 

'   831 

255 

.212 

14.1 

18.6 

9 

19 

842 

252 

842   ' 

'   845 

251 

.212 

18.2 

23.4 

10 

7 

837 

250 

838 

'   839 

250 

.210 

19,6 

25.2 

1.06 

.84 

11 

115 

17* 

839 

247 

842 

'   839 

249 

.209 

23.3 

29.6 

1.05 

.85 

12 

144 

29 

835 

250 

835 

'   839 

250 

.210 

29.4 

36,9 

1.04 

.76 

13 

165 

21 

832 

247 

834   ' 

■   834 

243 

.207 

33.7 

42.1 

1.04 

.81 

14 

190 

25 

846 

252 

848   ' 

'   835 

251 

.210 

39.0 

47.4 

1.04 

.75 

15 

214 

24 

847 

252 

848 

•   847 

251 

.212 

44.0 

53.4 

16 

261 

47 

791 

233 

774 

'   819 

241 

.198 

53.3 

64.7 

1.02 

.94 

17 

285 

24 

799 

259 

803   ' 

'   787 

255 

.201 

58.1 

70.8 

18 

309 

24 

801 

252 

806   ' 

'   802 

251 

.201 

63.0 

76.8 

1.02 

.83 

19 

357 

48 

812 

254 

805   ' 

'   809 

252 

.204 

72.7 

88.9 

.90 

20 

429 

72 

813 

257 

805   • 

'   809 

253 

.205 

87.5 

107.1 

1.00 

.70 

21 

453 

24 

826 

259 

834   ' 

'   816 

255 

.208 

92.5 

113.2 

22 

477 

24 

821 

247 

819   ' 

•   820 

249 

.206 

97.4 

119.2 

1.01 

.73 

23 

501 

24 

802 

245 

801 

■   810 

247 

.200 

102.2 

125.1 

1.00 

.73 

24 

573 

72 

755 

238 

739   ' 

'   758 

244 

.185 

115.6 

142.7 

.98 

.97 

25 

597 

24 

728 

247 

734   ' 

'   730 

246 

.181 

119.9 

148.6 

.96 

.89 

26 

621 

24 

749 

259 

748   • 

•   741 

255 

.189 

124.4 

154.7 

.97 

.85 

27 

669 

48 

706 

240 

719   • 

'   727 

245 

.178 

133.0 

166.5 

.95 

.96 

28 

765 

96 

729 

254 

733   ' 

•   724 

252 

.183 

150.5 

190.7 

.96 

.90 

29 

810 

45 

685 

245 

667   ' 

'   709 

247 

.175 

158.4 

201.8 

.94 

.90 

TESTS  ON  THE  GRAVITY  CELL. 

LOG  OP  CELLS  NO.  6  (a  &  t.) 


No.  El 


2 

3  111 

4  18 

5  25 

6  52i 

7  45 

8  71* 

9  90i 

10  97i 

11  115 

12  144 

13  165 

14  190 

15  214 

16  261 

17  285 

18  309 

19  357 

20  429 

21  453 

22  477 

23  501 

24  573 

25  597 

26  621 

27  669 

28  765 

29  810 


H2 

El 

11 

E2 
676 

12 
325 

E3 

13 

W 

WH 

AH 

V 
1.08 

R 
1.26 

1 

2 

694 

339 

706 

II 

683 

332 

.227 

.1 

.2 

11 

783 

364 

823 

It 

745 

344 

.256 

2.9 

4.0 

6| 

852 

332 

859 

It 

837 

328 

.275 

4.7 

6.1 

7 

871 

330 

875 

II 

865 

327 

.283 

6.7 

8.4 

1.10 

.67 

I2J 
26i 

881 

327 

883 

II 

878 

326 

.286 

8.8 

10.8 

895 

332 

899 

II 

889 

328 

.291 

12.5 

14.9 

1.10 

.60 

918 

332 

923 

11 

909 

328 

.298 

20.4 

23.6 

19 

928 

327 

929 

II 

925 

326 

.301 

26,1 

29.8 

7 

925 

325 

924 

II 

927 

325 

.301 

28.2 

32.1 

1.09 

.46 

17i 

928 

325 

929 

II 

926 

325 

.301 

33.5 

37.8 

1.08 

.43 

29 

922 

323 

922 

n 

925 

324 

.299 

42.2 

47.2 

1.07 

.43 

21 

924 

325 

924 

II 

923 

325 

.300 

48.5 

54.0 

1.07 

.40 

25 

929 

325 

930 

II 

926 

325 

.301 

56.0 

62.1 

1.06 

.37 

24 

932 

327 

930 

II 

931 

326 

.303 

63.3 

69.9 

47 

887 

309 

881 

It 

908 

317 

.287 

76.8 

84.8 

1.06 

.52 

24 

892 

332 

901 

II 

886 

328 

.290 

83.7 

92.7 

24 

894 

325 

904 

II 

898 

325 

.291 

90.7 

100.5 

1.05 

.40 

48 

903 

327 

904 

It 

904 

326 

.294 

104.8 

116.1 

1.05 

.40 

72 

914 

325 

919 

II 

909 

325 

.295 

126.0 

139.5 

1.04 

.43 

24 

930 

330 

934 

It 

925 

327 

.302 

133.3 

147.3 

24 

926 

323 

926 

It 

930 

324 

.301 

140.5 

155.1 

1.06 

.40 

24 

911 

323 

901 

It 

918 

324 

.297 

147.7 

162.9 

1.05 

.40 

72 

881 

316 

872 

It 

891 

320 

.285 

168.  2 

184.9 

1.03 

.47 

24 

851 

325 

872 

II 

861 

325 

.280 

174.9 

192.7 

1.02 

.46 

24 

892 

332 

894 

It 

882 

328 

.289 

181.8 

200.6 

1.03 

.39 

48 

869 

327 

877 

ti 

882 

326 

.287 

195.6 

216.2 

1.02 

.43 

96 

879 

327 

882 

II 

878 

326 

.286 

223.1 

247.5 

1.02 

.40 

45 

866 

325 

870 

ii 

874 

325 

.284 

235.9 

262.1 

1.01 

.40 

// 


tSSTS  OH  THE  GRAVITY  CELL. 
LOG  OF  CELLS  NO.  7  (a  &  b) 
No.  Kl    H2  El   II  E2   12  E3   13   W    WE    AH 


1 

0 

697 

325 

1.08 

1.20 

2 

2 

i 

718 

337 

735 

II 

707 

331 

.234 

.1 

.1 

3 

111 

11 

817 

358 

850 

It 

785 

341 

.267 

3.0 

3.7 

4 

18 

6| 

877 

333 

882 

II 

861 

329 

.283 

4.9 

6.0 

5 

25 

7 

890 

331 

890 

n 

386 

328 

.291 

e.9 

b.3 

1.11 

.63 

6 

32i 

895 

328 

901 

II 

892 

327 

.291 

9.1 

10.8 

7 

45 

912 

326 

913 

It 

906 

325 

.294 

12.8 

14.9 

1.10 

.56 

8 

Vl| 

90j 

26t 

931 

333 

936 

TT 

922 

329 

.303 

20.8 

23.6 

9 

19 

959 

326 

938 

937 

326 

.305 

26.6 

29.8 

10 

97| 

7 

935 

326 

934 

936 

326 

.305 

28.8 

32.1 

1.08 

.40 

11 

115 

17i 

937 

326 

937 

935 

326 

.504 

54.1 

37.8 

1.08 

.43 

12 

144 

29 

934 

326 

934 

955 

326 

.304 

42.0 

47.2 

1.07 

.37 

13 

165 

21 

930 

326 

929 

932 

326 

.303 

49.3 

54.1 

1.06 

.37 

14 

190 

25 

935 

326 

940 

932 

326 

.303 

55.9 

62.3 

1.C6 

.37 

15 

214 

24 

941 

326 

941 

940 

326 

.306 

64.3 

70.1 

16 

261 

47 

898 

312 

892 

929 

318 

.295 

78.1 

85.0 

1.05 

.42 

17 

285 

24 

902 

331 

908 

897 

328 

.294 

85.2 

92.9 

18 

309 

24 

905 

326 

905 

906 

326 

.295 

92.3 

100.7 

1.04 

.37 

19 

357 

48 

916 

328 

913 

910 

327 

.297 

106.6 

116.4 

1.04 

.34 

20 

429 

72 

921 

326 

923 

917 

326 

.233 

123.4 

139.9 

1.02 

.34 

21 

453 

24 

935 

331 

937 

929 

328 

.305 

130.7 

147.8 

22 

477 

24 

936 

323 

934 

936 

324 

.303 

137.9 

155.6 

1.06 

.37 

23 

501 

24 

924 

324 

912 

929 

324 

.301 

145.2 

163.4 

1.05 

.37 

24 

573 

72 

885 

315 

876 

898 

320 

.297 

147.2 

186.4 

1.03 

.48 

25 

597 

24 

854 

321 

873 

865 

321 

.277 

153.9 

194.1 

1.01 

.41 

26 

621 

24 

891 

331 

894 

882 

328 

.289 

160.8 

202.0 

1.03 

.59 

27 

669 

48 

884 

326 

885 

889 

326 

.290 

174.7 

217.6 

1.03 

.43 

28 

765 

96 

834 

526 

885 

884 

326 

.288 

202.4 

248.9 

1.01 

.37 

29 

nic 

45 

885 

326 

883 

885 

526 

.289 

215.4 

263.6 

1.02 

.40 

TESTS  ON  THE  GRAVITY  CELL 


LOG  OF  CELLS  NO.  8  (a  &  b) 
No,  HI    H2  El   II   E2   12   E3   13   W    WH    AH 


1 

0 

379 

325 

1.08 

1.26 

2 

lit 

1 

698 

337 

713 

ir 

689 

331 

.228 

.1 

.2 

3 

11 

804 

366 

848 

II 

758 

345 

.261 

3.0 

4.0 

4 

18 

3^ 

871 

321 

871 

II 

859 

323 

.277 

4.8 

6.1 

5 

25 

7 

878 

326 

879 

II 

874 

326 

.285 

6.3 

8.4 

1.11 

.67 

6 

32i 

12| 
26i 

882 

326 

889 

II 

880 

325 

.286 

9.0 

10.8 

7 

45 

900 

323 

900 

II 

895 

324 

.290 

12.6 

14.8 

1,10 

.59 

8 

71| 
90| 
97} 

919 

332 

922 

II 

910 

328 

.298 

20.5 

23.5 

9 

19 

928 

328 

929 

II 

925 

327 

.302 

26.2 

29.7 

10 

7 

925 

324 

925 

11 

927 

324 

.300 

29.4 

32.0 

1.09 

.46 

11 

115 

17i 

929 

326 

930 

II 

927 

326 

.302 

34.7 

37.7 

1.08 

.43 

12 

144 

29 

926 

324 

926 

II 

928 

324 

.300 

43.4 

47.1 

1.07 

.40 

13 

165 

21 

927 

326 

927 

II 

926 

326 

.302 

49.8 

53,9 

1.07 

.40 

14 

190 

25 

931 

326 

931 

II 

929 

325 

.302 

57.3 

62.0 

1.06 

.37 

15 

214 

24 

926 

324 

921 

ti 

929 

325 

.302 

64.6 

69.8 

16 

261 

47 

894 

315 

891 

11 

907 

320 

.290 

78.2 

84.8 

1.05 

.44 

17 

285 

24 

892 

328 

9C1 

II 

892 

327 

.291 

85.2 

92.7 

18 

309 

24 

900 

326 

903 

II 

900 

326 

.299 

92.2 

100.5 

1.04 

.37 

19 

357 

48 

912 

328 

910 

II 

908 

327 

.297 

106.5 

116.2 

1.04 

.36 

20 

429 

72 

921 

328 

920 

II 

915 

327 

.299 

128.0 

139.7 

1.04 

.36 

21453 

24 

926 

328 

931 

11 

923 

327 

.302 

135.2 

147.6 

22 

477 

24 

928 

328 

928 

II 

929 

327 

.304 

142.5 

155.5 

1.06 

.40 

23 

501 

24 

921 

324 

918 

II 

925 

324 

.300 

150.0 

163.3 

1.06 

.40 

24 

523 

72 

891 

317 

884 

II 

904 

321 

.290 

170.6 

186.4 

1.04 

.44 

25 

597 

24 

863 

317 

881 

II 

873 

321 

.281 

177.3 

193.1 

1.02 

.44 

26 

621 

24 

895 

333 

898 

II 

888 

329 

.292 

184.3 

202.0 

1.05 

.45 

27 

669 

48 

882 

324 

885 

II 

890 

325 

.290 

198.2 

217.6 

1.03 

.43 

28 

765 

96 

887 

326 

886 

II 

886 

325 

.288 

225.8 

248.8 

1.03 

.43 

29 

810 

45 

877 

326 

877 

II 

881 

325 

.286 

238.7 

263.4 

1.02 

.40 

TESTS  ON  THE  GRAVITY  CELL 


LOG  OF  CELLS  NO.  9  (a  &  b) 


No.  HI 


H2  El   II  E2   12   E3   13 


WH 


AH   V 


1 

0 

2 

1 

1 

11 J 

2 

3 

11 

4 

18 

6i 

5 

25 

7 

6 

32i 

26i 

7 

45 

8 

71j 
90| 
97i 

9 

19 

10 

7 

11 

115 

17i 

12 

144 

29 

13 

165 

21 

14 

190 

25 

15 

214 

24 

16 

261 

47 

17 

285 

24 

18 

309 

24 

19 

357 

48 

20 

429 

72 

21 

453 

24 

22 

477 

24 

23 

501 

24 

24 

573 

72 

25 

597 

24 

26 

621 

24 

27 

669 

48 

28 

765 

96 

29 

810 

45 

656 
778 
842 
865 
866 
879 
900 
910 
905 
910 
905 
908 
915 
912 
878 
874 
879 
890 
909 
914 
917 
911 
873 
858 
880 
865 
874 
871 


346 
367 
343 
327 
323 
330 
332 
325 
323 
325 
325 
323 
327 
325 
311 
525 
325 
330 
330 
332 
330 
320 
315 
323 
330 
320 
330 
323 


619  325 

682 

812 

S59 

855 

869 

882 

905 

910 

905 

910 

905 

907 

916 

912 

873 

882 

885 

891 

906 

91J 

917 

908 

864 

866 

882 

867 

875 

867 


1.06  1.29 


637 
780 
827 
862 
866 
874 
886 
907 
907 
907 
907 
907 
911 
914 
895 
873 
881 
887 
900 
91C 
918 
914 
890 
861 
873 
873 
870 
873 


335 
346 
335 
326 
324 
327 
328 
325 
324 
325 
325 
324 
326 
325 
318 
325 
325 
328 
328 
329 
323 
323 
320 
324 
328 
323 
328 
324 


215 
,269 
,277 
,281 
,280 
,286 
,290 
,295 
,294 
,295 
,295 
,294 
,297 
,297 
,285 
,283 
,286 
.291 
.295 
,299 
,301 
,295 
,285 
,279 
,286 
,282 
,285 
,283 


.1 

3.1 

4.9 

6.9 

8.9 

12.5 

20.2 

25.8 

27.9 

33.0 

41.6 

47.8 

55.2 

62.3 

75.7 

82.4 

89.3 

103.3 

134.5 

131  .6 

138.9 

146.0 

166.4 

173.1 

180.0 

193.5 

220.9 

233.6 


.2 

4.0 

6.2 

8.5 

10.9 

15.0 

23.7 

29.9 

32.2 

37.9 

47.3 

54.1 

62.2 

70.0 

84.9 

92.7 

100.5 

116.2 

139.8 

147.7 

155.6 

163,3 

186.4 

194.2 

202.1 

217.6 

249.1 

263.7 


1.10 
1.10 


1.09 
1.08 
1.07 
1.07 
1.07 


1.05 
1.05 
1.04 

1.06 
1.05 
1.05 
1.03 
1,04 
1.03 
1.03 
1.02 


.70 
.64 


.53 
.49 
.46 
.46 
.46 


1.06      .55 


.46 
.42 
.39 

.42 

.41 

54 

.50 

.49 

.47 

.46 

.43 


TESTS  ON  THE  GRAVITY  CELL 


LOG  OP  CELLS  No.  10  (a  &  b) 


>  ■>- 


NO.  HI 


H2  El   II  E2   12  E3   13 


W 


WH 


AH 


1 

0 

652  325 

1.06 

1.26 

2 

111 

1- 

680 

336 

698   ' 

'   666 

330 

.220 

.1 

.2 

3 

11 

796 

363 

838   ' 

'   747 

344 

.?57 

2.9 

4.0 

4 

18 

6| 

862 

325 

864   ' 

'   850 

325 

.276 

4.7 

6.1 

5 

25 

7 

868 

325 

868   ' 

'   866 

325 

.281 

6.7 

8.4 

1.10 

.68 

6 

32| 

12f 
26i 

868 

327 

870   ' 

'   868 

326 

.283 

8.8 

10.8 

7 

45 

880 

330 

883   ' 

'   875 

328 

.287 

12.4 

14.9 

1.10 

.64 

8 

71| 
90} 
97| 

902 

332 

907   ' 

'   892 

329 

.293 

20.2 

23.6 

9 

19 

912 

325 

912   • 

•   910 

325 

.296 

25.8 

29.8 

10 

7 

908 

323 

908   ' 

•   910 

324 

.295 

27.9 

32.1 

1.09 

.53 

11 

115 

17i 

914 

327 

914   ' 

'   911 

326 

.297 

33.1 

37.8 

1.08 

.49 

12 

144 

29 

909 

325 

909   ' 

'   911 

325 

.296 

41.6 

47.2 

1.07 

.46 

13 

165 

21 

911 

323 

911   • 

'   910 

324 

.295 

47.8 

54.0 

1.07 

.46 

14 

190 

25 

916 

325 

918   ' 

'   914 

325 

.297 

55.3 

62.1 

1.07 

.46 

15 

214 

24 

915 

325 

915   ' 

•   916 

325 

.298 

62.4 

69.9 

16 

261 

47 

880 

314 

878   ' 

'   892 

320 

.285 

75.8 

84.9 

1.06 

.51 

17 

285 

24 

882 

325 

888   ■ 

'   880 

325 

.286 

82.7 

92.7 

18 

309 

24 

877 

327 

890   • 

'   882 

326 

.288 

89.6 

100.5 

1.05 

.46 

19 

357 

48 

896 

325 

896   ' 

'   893 

325 

.290 

103.5 

llG.l 

1.05 

.43 

20 

429 

72 

915 

325 

914   ' 

'   906 

325 

.294 

125.7 

139.5 

1.05 

.40 

21 

453 

24 

918 

330 

923   ' 

'   916 

328 

.300 

132.9 

147.4 

22 

477 

24 

918 

325 

919   ' 

'   920 

325 

.299 

140.1 

155.2 

1.06 

.37 

23 

501 

24 

913 

325 

911   ' 

•   916 

325 

.298 

147.3 

163.0 

1.05 

.40 

24 

573 

72 

881 

314 

870   ' 

'   396 

320 

.287 

168.0 

186.0 

1.05 

.54 

25 

597 

24 

836 

319 

864   • 

'   858 

TOO 

.£76 

174.6 

193.7 

1.02 

.50 

26 

621 

24 

885 

330 

887   ' 

'   874 

328 

.287 

181.5 

201.6 

1.04 

.45 

27 

669 

48 

871 

321 

875   ' 

'   879 

323 

.284 

195.1 

217.1 

1.03 

.47 

28 

765 

96 

877 

323 

878   ' 

•   876 

324 

.284 

222.4 

248.2 

1.03 

.46 

29 

810 

45 

874 

325 

876   • 

'   876 

325 

.285 

234.2 

262.8 

1.02 

.43 

73 


No. 

HI 

H! 

1 

0 

2 

1. 
lit 

1 

2 

3 

11 

4 

18 

6i 

5 

25 

7 

6 

32i 

"^f 

7 

45 

12| 
26| 

8 

71| 
9  of 
97i 

9 

19 

10 

7 

11 

115 

17* 

12 

144 

29 

13 

165 

21 

14 

190 

25 

15 

214 

24 

16 

261 

47 

17 

285 

24 

18 

309 

24 

19 

357 

46 

20 

429 

72 

21 

453 

24 

22 

477 

24 

23 

501 

24 

TESTS  ON  TEE  GRAVITY  CELL 


LOG  OF  CELL  No. 11  (Short  Circuit) 


H2   E2   12   E3   13   W  WH  AH    V     R 

19.0  384  1.09  2.70 

18.3  418  18.6  402  .0075  .00  .2 

36.1  762  27.2  590  .0160  .18  6.7 
41.7  890  38.9  826  .0321  .39  12.1 

39.0  890  40.4  890  .0360  .64  18.3    1.07  1.16 

37.2  850  38.1  870  .0331  .89  24,8 

38.5  879  37.8  864  .0326  1,30  35.6     .99  1.07 

41.1  938  39.8  808  .0321  2,15  57.0 

40.4  922  40.8  930  .0380  2.87  74.7 

38.6  882  39.5  902  .0356  3.12  81.0     .90   .98 
40.0  913  39.3  897  .0353  3.74  96.7     .82   .87 

37.2  849  38.6  881  .0340  4.72  122.2     .76   .85 

36.7  838  36.9  843  .0311  5.37  139.9     .80   .91 

36.6  835  36.6  836  .0305  6.14  160.8     .75   .85 
34.2  780  35.4  807  .0286  6.82  180.1 

25.5  582  29.8  781  .0233  7.92  216.8  .70  1.16 
29.0  672  27.2  627  .0171  8.33  231.8 
27.9  637  28.5  655  .0187  8.77  247.5  .75  1.13 
28.4  648  28.1  642  .0180  9.64  278.3  .70  1.03 
28.0  639  28.2  643  .0181  10.94  324.6  .60  .89 
22.2  512  25.1  575  .0144  11.29  338.4 

16.8  383  19.5  447  .0087  11.50  349.1     .38   .94 

11.7  267  14.2  325  .0046  11.61  356.9     .27   .93 


TESTS  ON  THE  GRAVITY  CSLL 


LOG  OF  CELL  No. 12 


%Y 


No. 


HI 


H2   E2 


12   E3    13   W 


WH 


AH 


1 

0 

22.7 

475 

1.07 

2.21 

2 

111 

1 
a' 

25.7 

552 

24.2 

513 

.0124 

.00 

.3 

3 

11 

47.0 

990 

36.3 

771 

.0280 

.31 

8.8 

4 

18 

6i 

47.9 

1019 

49.4 

1004 

.0497 

.64 

15.3 

5 

25 

7 

48.4 

1040 

48.1 

1029 

.0494 

,98 

22.5 

.99 

.91 

6 

32i 

12| 
26i 

46,9 

1007 

47.6 

1023 

.0487 

1.35 

30.2 

7 

45 

47.2 

1014 

47.0 

1010 

.0474 

1.94 

42.8 

.97 

.90 

8 

71* 
90} 
97| 

48.1 

1032 

42.1 

1023 

.0430 

3.08 

69.9 

9 

19 

45.6 

980 

46.8 

1006 

.0471 

3.97 

89.0 

10 

7 

44.2 

950 

44.9 

965 

.0433 

4.28 

95.8 

.82 

.82 

11 

115 

17i 

54.0 

1160 

49.1 

1055 

.0-1-91 

5.13 

114.3 

1.01 

.83 

12 

144 

29 

42.6 

915 

48.3 

1037 

.0500 

6.58 

144.4 

.80 

.83 

13 

165 

21 

40.8 

877 

41.7 

896 

.0374 

7.37 

163.2 

.78 

.84 

14 

190 

25 

41.0 

880 

40.4 

878 

.0355 

6.26 

185.1 

.75 

.81 

15 

214 

24 

36.9 

750 

38.9 

815 

.0317 

9.02 

204.6 

16 

261 

47 

28.2 

602 

32.5 

676 

.0219 

10.05 

236.3 

.64 

1.03 

17 

285 

24 

31.3 

672 

29.7 

637 

.0139 

10 .  50 

251.6 

18 

309 

24 

30.4 

653 

30.8 

662 

.0204 

10.99 

267.5 

.58 

.84 

19 

357 

48 

30.4 

653 

30.4 

653 

.0198 

11.94 

298.4 

.60 

.87 

20 

429 

72 

24.8 

533 

27.6 

593 

.0163 

13.12 

341.5 

.50 

.88 

21 

453 

24 

19.2 

413 

22.0 

473 

.0104 

13.37 

352.8 

22 

477 

24 

14.9 

320 

17.0 

366 

.0062 

13.52 

361.6 

.30 

.88 

23 

501 

24 

4.6 

313 

10.0 

317 

.0032 

13.60 

369.2 

.10 

.27 

->J- 


TESTS  ON  THE  GRAVITY  CELL 


LOG  OF  CELL  No.  13 


No. 

HI 

H2 

E2 

12 

E3 

13 

W 

WH 

AH 

V 

R 

1 

0 

20. C 

450 

1.07 

2.33 

2 

111 

* 

21.5 

503 

20.7 

476 

.0098 

.00 

.2 

3 

11 

34.3 

787 

27.9 

645 

.0180 

.20 

7.3 

4 

18 

6i 

36.4 

838 

35.3 

812 

,0287 

.39 

12.6 

5 

25 

7 

48.4 

1133 

42.4 

985 

.0418 

.63 

19.5 

1.02 

.78 

6 

32i 

7- 

I2I 

35.4 

829 

41.9 

986 

.0413 

.99 

26.9 

7 

45 

36.3 

850 

35.8 

839 

.0300 

1.37 

37.4 

.94 

1.06 

8 

71* 

26| 

38.9 

912 

37.6 

881 

.0331 

2.24 

60.7 

9 

90j 

19 

38.7 

916 

38.8 

914 

.0355 

2.92 

78.0 

10 

97i 

7 

39.0 

878 

38.8 

897 

.0348 

3.16 

84.3 

.92 

1.00 

11 

115 

17* 

41.9 

918 

40.4 

898 

.0363 

3.79 

100.0 

1.03 

1.08 

12 

144 

29 

36.3 

850 

39.1 

884 

.0345 

4.79 

125.6 

.90 

1.01 

13 

165 

21 

34.2 

800 

35.2 

825 

.0291 

5.40 

142.9 

.85 

1.01 

14 

190 

25 

35.9 

840 

35.0 

820 

.0287 

6.12 

163.4 

.81 

.92 

15 

214 

24 

32.8 

768 

34.3 

804 

.0275 

6.78 

182.7 

16 

261 

47 

25.0 

586 

28.9 

677 

.0196 

7.70 

214.5 

.73 

1.21 

17 

285 

24 

27.5 

643 

26.3 

614 

.0161 

0.09 

229.2 

18 

309 

24 

26.8 

628 

27.1 

635 

.0172 

8.50 

244.4 

.65 

.99 

19 

357 

48 

27.0 

632 

26.9 

630 

.0169 

9.32 

274.6 

.65 

.99 

20 

429 

72 

27.2 

637 

27.1 

635 

.0172 

10.56 

320.3 

.62 

.93 

21 

453 

24 

24.3 

569 

25.7 

603 

.0155 

10.93 

334.8 

22 

477 

24 

18.2 

426 

21.2 

497 

.0105 

11.18 

316.7 

.42 

.94 

23 

501 

24 

14.8 

347 

16.0 

386 

.0062 

11.33 

356.0 

.35 

.95 

TESTS  ON  THE  GRAVITY  C3LL 


LOG  OP  CELL  NO.  14. 


O-C 


No. 


HI 


H2   E2 


12 


13   7/ 


WH 


AH   V 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


0 

nt 

18 
25 

32i- 
45 
71| 
90} 

07i 

115" 

144 
165 
190 
214 
261 
285 
309 
357 
429 
453 
477 
501 


s 

11 

6* 

7 

7i 
? 

12f 

26i 
19 
7 
\lk 
29 
21 
25 
24 
47 
24 
24 
48 
72 
24 
24 
24 


18.0 

412 

-  « 0 

1.08 

2.58 

20.1 

467 

19.0 

439 

.0083 

.00 

.2 

43.8 

1005 

31.9 

736 

.0235 

.26 

8.3 

44.1 

1017 

43.9 

1011 

.0443 

.65 

14.9 

45.7 

1063 

44.9 

1040 

.0467 

.88 

22.2 

.92 

.83 

44.3 

1026 

45.0 

1044 

.0470 

1.33 

30.0 

44.1 

1025 

44.2 

1025 

.0452 

1.89 

42.8 

.93 

.87 

44.4 

1033 

44.3 

1029 

.0456 

3.10 

70.0 

42.6 

990 

48.5 

1011 

.0491 

4.03 

89.2 

41.0 

953 

41.8 

971 

.0406 

4.32 

96.0 

.80 

.80 

48.9 

1137 

44.9 

1045 

.0469 

5.14 

114.3 

1.00 

.84 

38.8 

902 

43.8 

1019 

.0446 

6.43 

143.8 

.80 

.84 

36.5 

848 

37.6 

875 

.0329 

7.12 

162.1 

.82 

.92 

36.9 

858 

36.7 

853 

.0313 

7.90 

183.4 

.74 

.82 

32.9 

765 

34.9 

811 

.0283 

8.58 

202.9 

25.4 

590 

29.1 

677 

.0197 

9.51 

234.7 

.64 

1.05 

27.5 

640 

26.2 

615 

.0161 

9.90 

249.4 

26.7 

622 

27.1 

631 

.0171 

10.31 

264.5 

.57 

.87 

26.5 

616 

26.6 

619 

.0164 

11.10 

294.2 

26.0 

604 

26.3 

610 

.0160 

12.25 

338.1 

.25 

.35 

19.1 

444 

22.5 

524 

.0118 

12.54 

350.7 

15.4 

358 

17.2 

401 

.0069 

12.70 

360.3 

.32 

.84 

13.3 

309 

14.3 

333 

.0048 

12.81 

368.3 

.35 

1.07 

^7 


TESTS  ON  THE  GRAVITY  CELL 
LOG  OF  CELL  No. 15. 

No.    HI  H2   E2  12   E3  13   W  WH    AH   V     R 

1  0  19.5  424  1  09  2  62 

2  h  I  20.0  461  20,7  442  .0091    .00     .2   * 

3  lit  11   36.0  816  28.0  638  .0179    .20    7.2 

4  18  6|  39.6  896  37.8  856  .0323    .41   12.8 

f  ^fi  Ix    ^^'^  ^^"^  ^°**  ^21  .0372    .67   19.2  1.07  1.09 

6  32t  7|  40.3  927  40.7  937  .0381    .96   26.2 

7  45  12*  40.6  935  40.5  931  .0377   1.43   37.8   .97   .99 

8  71*  26i  42.2  973  41.4  954  .0395   2.47   63.1 

9  90*  19   41.4  954  41.8  963  .0403   3.24   81.4 

?■?  .V^  ,"^1  ^^'^  933  42.2  943.0398   3.52   88.0   .85   .87 

11  115  174  46.1  1062  44.5  997  .0443   4.29  105.4  1.03    74 

12  144  29   38.3  882  42.2  972  .0411   5.49  133.5   .85   [92 
}l  \c^rs  ^^   ^^-^  ®^°  ^^'^  Q56  .0318   6.15  151.5   .80   .92 

14  190  25   37.1  855  36.5  842  .0307   6.92  172  5    78   87 

15  214  24   34.0  783  35.6  819  .0291   7.6?  192  1 

\l  ooi  '^^      ^^'^  ^^2  30.2  697  .0210   8.60  22418   .70  1  11 

17  285  24   29.0  668  27.7  640.0177   9.03  240:i   •'''■'•^'• 

18  309  24   27.7  638  28.4  653  .0185   9.48  255.8    6?    92 

19  357  48   27.8  640  27.8  639  .0177  10.33  286  5   '  " 

20  429  72   28.0  645  27.9  642  .0179  11.62  332.*7  .61    90 
il  inn  ^^  ^^'^  ^^2  25.7  593  .0152  11.99  346.9 

22  477  24   17.?  410  20.6  476  .0098  12.22  358  3    37    85 

23  501  24   11. C.  256  14.4  333  .0048  12.34  366.3   [20   '78 


■>r 


Cell  No. 


TESTS  ON  THE   GRAVITY   CELL 

Consumption  of  Material.    -- 

12  3  4 


5     Group -.1 


Zinc   at   Start 

Zinc   at  End 

Zinc   Consiuned 

Vitriol  at  End 

Vitriol  consumed 

Copper  at  start 

Copper  at  end 

Copper  deposited 

Watt  hours 

Ampere  hours 

Lbs,  of  Zn  per  watt  Hr, 

Lbs,  of  Zn  per  Amp,  Hr. 

Lbs,  of  Cu  per  watt  Hr, 

Lbs.  of  Cu  per  Amp,  Hr, 

Lbs.  of  CUSO4  per 

watt  hour. 

Lbs.  of  CUSO4  per 

ampere  hour, 

Zn  consumed  per  Lb.  of 

CUSO4 

Lbs.  of  Cu  deposited 

per  Lb.  of  CuSO. 


4.03 
3.21 

.82 

.84 
3.13 

,20 

.81 

.61 
153.4 

201,8 
,00534 

■00406 

,00397 

,00302 

,0206 


4.04 
3.24 
.80 
.89 
3.11 
.20 
.81 
.61 
151.1 
202.3 
.00528 
.00395 
,00403 
.00301 
.0206 


4.04 

3,18 

.86 

.83 

3.17 

.19 

.88 

.69 

153.9 

201.6 

.00568 

.00427 

,00438 

.00342 

.0206 


4.04 

3.26 

.78 

.93 

3.07 

,20 

.81 

.61 

157.1 

202.4 

,00496 

,00385 

,00338 

,00301 

.0195 


4.04 

3.30 

.74 

.97 

3.03 

.19 

.80 

.61 

158.4 

201.8 

,00467 

,00367 

.00385 

,00302 

,0191 


4,00 
15.54 


3.13 
773.9 
1009,9 
.00517 
.00400 
.00404 
,00312 
,0201 


.0156   .0153   .0157   .0151   ,0150   .0155 


,295    .257    ,271 
,193    ,194    ,217 

Material  Costs. 


.254 
.199 


.244 


.259 


.201    ,201 


Cents 

Cost  of  zinc  per  watt  hour  ,05687 

Cost  of  zinc  per  ampere  hour  ,04400 

Cost  of  CuSO^  per  watt  hour  ,09880 

Cost  of  CuSO.  per  ampere  hour  ,07630 

Credit  for  Cu  deposited  per  watt  hour  ,03940 

Credit  for  Cu  deposited  per  ampere  hour  .03040 

Net  cost  per  watt  hour  .1162 

Net  cost  per  ampere  hour  ,0899 


TESTS  ON  THE  GRAVITY  CELL. 


'^9 


Consumption  of  material. 

Cell  No.    (a  and  b)  6      7      8  9 

Zinc  at  start  8.05   7.98   8.14  8.07 

Zinc  at  end  6.91   6.84   7.02  6.89 

Zinc  consumed  1.14   1,14   1.12  1.09 

Vitriol  at  end  3.11    3.13    3,10  3.32 

Vitriol  consumed  4.89   4.87   4.90  4.68 

Copper  at  start  .40    .40     .40  .40 

Copper  at  end  1.24   1.30   1.24  1.17 

Copper  deposited  ,84     .90    .84  .77 

Watt  hours  235.9   215.4   238.7  233.6 

Ampere  hours  262.1   263.6   2G3.4  263.7 

Lbs.  of  Zn  per  watt  Hr.  .00483  .00529  .00469  .00467 

Lbs.  of  Zn  per  Amp.  Hr.  .00435  .00433  .00426  .00413 

Lbs.  of  Cu  per  watt  Hr.  .00357  ,00417  .00351  .00330 

Lbs.  of  Cu  per  Amp.  Hr.  .00320  .00342  .00319  .00292 

Lbs.  of  CUSO4  per  .0207   .0226   .0205  .0200 
watt  hour 

Lbs. of  CUSO4  per  .0186 
ampere  hour 

Zn  consumed  per  Lb.  .233 

of  CUSO4 

Lbs.  of  Cu  deposited  per  Lb.  of  CuS04^ 

.172    .185    .171  .105 


,0185   .0186   .0176 
.235   .228    .283 


10  Group  2 
8.07 
6.99 

1.08   5.57 
3.28 
4.72  24,06 

.41 
1.18 
.77    4,12 
234,2  1157,8 
262.8  1315.6 
,  00461  .00« 
,00459  .00423 
,00329  .00356 
,00327  .00312 
,0201   .0208 

.0201   .0183 

.229    .231 


.163 


.171 


Material  Costs. 

Cents 

Cost  of  zinc  per  watt  hour  .05302 

Cost  of  zinc  per  ampere  hour  ,04660 

Cost  of  CUSO4  per  watt  hour  .10220 

Cost  cf  CuGO.  per  ampere  hour  .08910 

Credit  for  copper  deposited  per  watt  hpur   .03470 

Credit  for  copper  deposited  per  ampere  hour. 03040 

Net  cost  per  watt  hour  .10250 

Net  cost  per  ampere  hour  .10530 


3a 


TESTS  ON  THE  GRAVITY  CELL. 


Consumption  of  material 


Cell  No.  11 

Zinc  at  start  4,03 

Zinc  at  end  2,94 

Zinc  consumed  1.09 
Vitriol  at  end 

Vitriol  consumed  4,00 

Copper  at  start  ,19 

Copper  at  end  1.13 

Copper  deposited  ,94 

Ampere  hours  356.9 

Lbs.  of  Zn  per  Amp.  Hr.. 00305 

Lbs.  of  Cu  per  Amp.  Hr,. 00263 
Lbs.  of  CuSO.  per  Amp.  Hrll2C 

Zinn  consmned  per 

Lb,  of  CuSO. 

Lbs.  of  Cu  deposited 

per  Lb.  of  CuSO. 

Cost  of  Zn  per  Amp.  Kr. 
Cost  of  CUSO4  per  Amp.Kr. 

Credit  for  Cu  deposited 

per  ampere  hour 

Net  cost  per*  Amp.  hour 


12 
4.11 

3.02 
1.09 

4.00 

.19 

1.13 

.94 

369.2 

,00295 

,00255 

,0108 


.273    .273 
.235    .235 


13 
4.00 
2.97 
1.03 

.02 
3.98 

.20 
1.09 

.89 

356.0 

,00289 

,0112 

.259 

,244 


14 
4.01 
2.92 
1.09 

4.00 

.20 

1.20 

1.00 

368 . 3 

.00295 

.00271 

,01099 

.273 

.250 


15  Group  3 

4,03 
2.95 
1.08  5.38 

4.00  19,98 

.19 
1.13 
.94   4.71 
366.3  1816.7 
.00295  ,00296 
,00257  .00259 
,0109   .0110 


.270 
.235 


.269 


.235 
Cents 
.03256 
,06420 

.0253 

.0614 


BsssasraaHR 


s^w^mbSbSSs 


SBBK 


!BBSe§ 


^25^iarhpere 


B—BBMMBB————B—B1— —————— ■—■11 


■■■■■■■■■■■■■■ 

^■■■■— ■■■■ 


SaSBHHHBS-: 


BBHHHBBBBSaBaBBSilHi 


aaBBMBBBaaaKgagaaggaaaaagagBS^BBaBBagggBi^mgBgggBaBBBBi^ 

ass5gas8aBBisBBas:B:aaasa8BBaaag8B8aam;aaaa8BBg8mB8g5Big 
HHnBiiS:SBssSsssS!SBsspBaa:a:aasaa:asaaaa:mK8sa 
"—""""*""*— —^■■■— ■■—■■■—■■■■——■■■——■■■■— ■■M»»  ■■■■■■■■■■■■■■■■■■■■  SBSSBSSBB 


HEBIiiSBiJSSSSiffifflingaBBBaBB 


HIilHIiiiiSSIliSiaiiaSBaBB 


■■■MgJWBlW— I 


laiiiHBBigSSSiaBBSBHBHBB 
JSiiaMBBSIBiBISiBBBSi 

MfBMMpgpMIMiBBBMi 


bssbssb; 


aSJBt 


SBiS 


laSBlBSPffl 


w^SB^^SB^^mm^sss^mm 


S89plSS!R8S^n8SS8B8B^^8ng!glSSS  ■■■■■■■■■■■■■■■!■!■■  ■^BB^^SnHiiHBnniMHBB 

— —J— ■«■—■■■■— ■■BJiiai— —————■■■■■■■— —————— ■■■■■■■■■■■■■■■■■■■ 

Sma    — —BM11M11BB«B»BB— ■■■■—■■■■■■■■■■■■■■■— ——leBg^BMiiMBIWW— — 

iM»v—i>a— ———■■—■■■■■■— ■■■■MB  ■—■■■■■■  ————— —I—— ————■—■■■ 


l^fiigBESi 


■in 
naie 


■— ■—■■■■ 
I— ■■■■■— 


:s3fe.s 


■■■■!■■■!  !>l>iiSll!  !i!>7!  W^!!  iSlSiaBaHBlHa 


—■■■■■■■■■■■■■■■I 


■■■■■■■■■■■■I 

iss-ssBsssas 

■■■■■■■■■■■ "- 


iSm 


m 


■■■■■■■— i  38888SB88B—Bwa««S8— ■—■■■—■—■■■■■■■■■■■—■—■—■—— ■■——■■■■■■■■■■■■■■ 

■— ■— —  ■■———iata<aB—«Bi——iii— —■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

^'sv:  ii  I  iMii  III  I   I        I  SBasasB:^BBsssB:s!:ss:B;sa::H 


"sa 


—i— ■■■■1 
g— ■■■■— i 
■—■■■■—■ 


HMw— ■— — ■■  ■nMsaaaaa 

aasBssSffiffiBBK: 


■■— ■  ■■■■■■—■ 
■■■■■■■■■■■■■I 


■■■■^■■■■■■■■■■■■■■■■— ■■ 


m\ 


———■■■■■— ■——■—■■■■■■■—■■■■■■■—■—■■■■■—■—■  I 

IIII^HIgiiliaBaaB— ■■——■■■■■■— ■■■unBa—BBaaBaBaBBBiBBaMBa  ■■■■■■■■■■—■—11! 
pi— — alBBBiiBBBBaaaBaaBaBBaBaaiaiBaBBBBBa— BBBBBBBaaBBaaBaBBBaaaBaaaaBiKBBiiBi 
■a—— Mbbbbb— iBBaaBBaaaBaBaaiBaaBaaaaBBBaaBBiBBBB— BBBaaaaaaaBBBBaaBiBaaii—PBi 
■BBBB— ^iBBaBBiBaBBaBaaaBBBaBBSaaaBBaaBBBBaaBBBBBaBaaBBiaBaaBBBBaBBiBaBaaia— in 

ij^^j^^^SgSmiBBBgiBMa— 8— — — S— S— — — bbBMbK— K— aSB— a 

!ss&^bbSbi 


wmsm^mamHiss^f^^m 


■EB^^g 


Bb—i ^mSm^^I 


BBaiBBaBBiiilMliliBBiWiggI 


-Cel  Iff  Nr|  ft  |d^b)    .      ^ 


asssi 


Si 


WBfiM— BHHB——IPiiaaMB 


ikl 


ai 


mi 


jmmmmmmauammmsBmm 

iB8BSS8HBBBMlBB"^^lfinFnil"nTrTir''ii'Tfl TitniiiiinTmTnffmBSSBSBSSSSBSaHBSBH 


^^g 


assiiasseiiieiiisiiiii 


H0UJtl3  Jri  SETMi/jccM: 


raBS^H 


nailin 


■■■■■■■■^^Bw— ■■■■■■■■■■■■■■■ —■M^Sgi 


1888  BBBSSm— SB— ■—  ■■■■■——■ 


■■■  —■■■■■■■■  ——I 


Staii 


savBS 


iBgaa:aB85gaMgBgiaBaB8aBg«aM«aB8Bsaaa 


HMBJagSilBBBBI 


n 


IBBBBBBB 


X-JZTTi: 


SBisgiBii^BrAn»SnnB^Bl 


"nS^^RkB^BBHaiB Mill ssam~^Sm~' 

liiHBWBH^lPMimffBlii 


agHBBsagaBBgaaBBBaHH 


HHHlliMHiiaHiilffiiiiii 


^^S^S^S^R8fflS&n' 


« 


.-1^   .  , 

1    I..  J 

I  '    1  1  1 

I  'i   : 

T  ^    . 

-*- 

^—L-    ,'    1   ' 

i  s;.-. 

1       ' 

a- -5.^ 

T 

1-  :fc :; 

'  r    '  '  ' 

^f  ;^ 

*4^, Li^ 

"t  i;  tr 

r^rTlT 

-T  ,*..  n 

' '  1 

t   *^  -r 

•t  -i  i-l 

i:  jf  La 

^F+i--- 

f  ^-  ' 

Jj.  1 '  1 

t:!^  . 

"  L  tH 

^-^PP- 

:  -Zi' ' : 

